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[57] ABSTRACT 

A system for mrmilorino the resmratorv nrocess 
wherein the gas flow rate and the frequency of respira- 
tion and expiration cycles can be determined on a real 
time basis A face mask is provided with one-way inlet 
and outlet valves where the gas flow is through inde- 
pendent flowmeters and through a mass spectrometer 
The opening and closing of a valve operates an electri- 
cal switch, and the combination of the two switches 
produces a low frequency electrical signal of the respi- 
ratory inhalation and exhalation cycles During the 
time a switch is operated, the corresponding flowmeter 
produces electric pulses representative of the flow rate, 
the electrical pulses being at a higher frequency than 
that of the breathing cycle and combined with the low 
frequency signal. The high frequency pulses are sup- 
plied to a conventional analyzer computer which also 
receives temperature and pressure inputs and com- 
putes mass flow rate and totalized mass flow of gas 
From the mass spectrometer, components of the gas 
are separately computed as to flow rate as well The 
electncal switches cause operation of up-down inputs 
of a reversible counter To measure a real time, a 1- 
minute clock pulse is used to operate the counter The 
occurrence of a pulse alerts the counter, and the next 
succeeding reverse from down to up m the breathing 
cycle causes an electrical sequence to occur in which 
the counter is momentarily inhibited while the count 
therein is transferred to a printer The electrical se- 
quence is complete before the next up-to-down reverse 
in the breathing cycle occurs, so that there is no loss in 
the counting of cycles. Thus, the number of cycles clos- 
est to one-minute time are measured The respective up 
and down cycles can be individually monitored and 
combined for various respiratory measurements 

7 Claims, 4 Drawing Figures 
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RESPIRATORY ANALYSIS SYSTEM AND 
METHOD 

ORIGIN OF THE INVENTION 

The invention described herein was made in the per- 
formance of work under a NASA Contract and is sub- 
ject to the provisions of Section 305 of the National 
Aeronautics and Space Act of 1958, Public Law 
85-568 (72 Statute 435, 42 USC 2457). 

FIELD OF THE INVENTION 

This invention relates to systems for quantitative 
analysis of the human respiratory process. In particular, 
it relates to methods and apparatus for obtaining an 
analysis of respiratory gas flow rate and frequency of 
inspiration and expiration cycles on a “real time" basis. 

DESCRIPTION OF PRIOR ART 

Prior art devices presently known are as follows 

1. U.S Pat. No. 3,368,212 discloses a gas flow moni- 
tor for respiratory supervision In this sytem, thermis- 
tors are employed in an electrical circuit and used to 
monitor breathing. When gas flow fails, the thermistors 
trigger an alarm circuit 

2 U.S Pat. No 3,201,988 and U.S. Pat No. 
3,135,1 16 relate to turbine flowmeters to measure gas 
flow f 

3. Elastronics Laboratories of Tarzana, Calif, sell a 
Model FPAC-100 Transient Flowrate Indicator and 
Electronic Frequency to Period-to Analog Computer 
used with flowmeters for accepting a pulse train signal 
and acting on the period T of each cycle to compute 
the inverse of the next time period e,= 1/7 1 and hold the 
information for the next cycle. 

4 Elastronics Laboratories of Tarzana, Calif sell a 
Model PF/T500 Mass-Flow Computer and Electronic 
Multiplier-Divider which computes mass flow rate and 
totalized mass flow of any gas or liquid providing a digi- 
tal or analog output from an input frequency represent- 
ing flow and analog voltages representing temperature 
and pressure 

SUMMARY OF THE INVENTION 

The human respiratory process is perhaps unique in 
that natural breathing varies in accordance with a per- 
son's physiological and metabolic condition and, of 
course, varies with physical conditions and activities. It 
is extremely important to respiratory physiologists, in- 
halation toxicologists, doctors and other biomedical 
workers to have a reliable analysis of the respiratory 
process and, particularly, to have an automated quanti- 
tative analysis of the respiratory process. 

The respiratory process involves unrhythmic fre- 
quency in number of breaths per minute and gas flow 
rate in volume per unit time. The frequency (or period- 
icity) of breathing is a wave of alternating inspiration 
and exhalation cycles. By use of special switches which 
are operable by intake and outflow of gas, it is possible 
to obtain low frequency signals of the breath cycles. As 
will hereinafter be more fully explained, the breath cy- 
cles are correlated to “real time” intervals. During the 
inhalation and exhalation cycle, the flow rate is mea- 
sured and quantalized as a pulse rate signal. The pulse 
rate signal is superimpose onto the alternating low fre- 
quency inspiration and expiration waveform. Thus, 
both flow and breathing cycles are combined in a single 
data channel. 


2 

In the present invention, the breathing cycle, as a low 
frequency signal, is separated between inspiration and 
exhalation portions, and each is counted and processed 
to provide accurate respiratory measurements For ex- 
S ample, the uptake rate can be computed by subtracting 
the inspired flow quantity from the expired flow quan- 
tity during the same penod. This can be accomplished 
by an up-down counter The function of “up” or inspi- 
ration portions can be accumulated as can the exhala- 
10 tion portions Consecutive counting of “up” and 
“down” portions of breathing cycles over a given pe- 
riod of time will give the desired uptake or expiration 
quantities 

The synchronization of the respiratory process to 
1 S time is accomplished by using a time reference such as 
a clock which emits a pulse each minute The control 
system to which the consecutive up-down pulses are 
supplied includes a counter for each parameter to be 
monitored In an up-down counter, for example, as- 
20 suming the system is in operation, the counter will 
count the up and down pulses. When the 1 -minute 
pulse is generated it alerts the counter, and on the next 
succeeding “up” pulse the counter is momentarily in- 
hibited while the count on the memory therein is trans- 
25 ferred to a printer Upon transfer, the inhibiting pulse 
is removed and the counter continues counting the 
pulses until the next 1 -minute pulse appears As is obvi- 
ous, the respiratory system thus produces measure- 
ments related to the 1 -minute timing pulses. 

30 The switches are of a design which generates an elec- 
trical signal at the instant inspiratory flow begins and 
turns ofT this signal when expiration starts or vice versa. 
In the respiratory measurement system, two valves are 
mounted in the face mask. One valve is open only to let 
35 in the fresh gas (air or oxygen) during the inspiratory 
period while the other valve opens only to vent expira- 
tory flow. The valve has a diaphragm which is held 
closed by spring force and operated by a pressure dif- 
ferential. The pressure differential thus serves to open 
40 and close the valves When the valve diaphragm is 
lifted from its seat, a stem on the valve interrupts a 
light-beam between a light source and a photoelectric 
cell When this occurs, a negative electric pulse is gen- 
erated which serves as a signal representative of the 
45 particular respiratory function. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Reference to the drawings will further explain the in- 
vention wherein like numerals refer to like parts, and 
50 in which: 

FIG 1 is a schematic and functional illustration of an 
overall system including a mask and computers for ob- 
taining flow rate and frequency of breathing indica- 
tions, 

FIG. 2 is a schematic and functional illustration of a 
typical counter system for counting respiration fre- 
quency in terms of real time, 

FIG. 3 is a functional representation of a valve aned 
60 switch for obtaining signals indicative of the breathing 
functions; and 

FIG 4 is a timing diagram for illustrating a logic se- 
quence for obtaining typical measurements. 

DESCRIPTION OF THE PREFERRED 
65 EMBODIMENT 

Referring now to FIG. 1, a system is illustrated for a 
“physiological clock of respiration ” The system in- 
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eludes a face mask, schematically and generally indi- During exhalation, valve 12 is open and valve II is 
cated by the numeral 10. The face mask 10 has an inlet closed. While valve 12 is open, the flowmeter 14 simi- 

or inspiratory valve 11 and an outlet or expiratory valve larly will produce an electrical signal having a fre- 

12. Valves 11 and 12 are one-way valves arranged so quency dependent upon the exhalation flow rate At 

that flow is into the mask 10 via valve 11 and out from S the same time, a normally open electrical switch 40 is 
the mask 10 via valve 12. Valves 11 and 12 are respec- closed by operation of the valve 12 to provide a ground 

tively coupled to flowmeters 13 and 14 which, in turn, potential to reset the flip-flop 36. When the flip-flop is 

open into a mass spectrometer 15 with a flow conduit reset, a d c. gating signal A conditions a NAND gate <. 

16. Gas flow is into the mask 10 via conduit 16, spec- 41. The NAND gate 41 is also connected to the output 

trometer IS, flowmeter 13 and valve 11 and out of the 10 of flowmeter 14 so that the signals from the flowmeter 
mask 10 via valve 12, flowmeter 14, spectrometer 15 are passed to the NAND gate 38. 

and conduit 16. Valves 11 and 12 are normally closed During the inhalation period, while the exhalation 
and operated by virtue of differential pressure caused valve 12 is in closed position, the corresponding electn- 

by inhalation or exhalation of gas cal switch 40 is open Since the flip-flop 36 is in a “set” 

Referring now to FIG. 3, a typical flow valve 17 in- 15 positon and the NAND 41 is connected to the other 
eludes upper and lower plate members 18 and 19 which terminal of the flip-flop 36, signals from flowmeter 14 

are spaced from one another by circumferentially dis- cannot pass through the NAND 41. Thus, during the 

posed spacers 20 and attached to one another by fas- inhalation period, the inhalation signal from the flowm- 

teners 21. The lower plate 19 has a central alignment eter 13 is passed through NAND 37 and 38 to the corn- 

hub 22 which receives an alignment stub 23 attached 20 puter This condition prevails unti the inhalation is 
to the center of a diaphragm 24. About the hub 22 are complete and exhalation begins, whereupon switch 35 

perforations 26 so that gas may flow through the perfo- is opened and switch 40 is closed When switch 40 

rations and between the plates The diaphragm 24 is cy- closes, the flip-flop 36 is “reset” which causes a d c. po- 

lindrically formed and is constructed of a thin flexible tential at terminal X to open the NAND gate 41, per- 

material such as rubber or plastic. The diaphragm has 25 mitting the flowmeter frequency signals to pass through 
a peripheral conically-shaped portion 25 arranged to NAND 41 and 38 to the computer, 

make contact with the upper surface of lower plate 19. With the foregoing system the inhalation and exhala- 
The arrangement is such that the diaphragm 24 has a tion flows are readily segregated, and the breathing fre- 

spring force tending to hold it in contact with the lower quency or period can be readily calculated. From the 

plate. Thus, if the valve is inserted into the face mask 30 flow rate frequency, the total flow volume for inhala- 
with hub 22 facing in one direction, exhalation gas may tion and exhalation can easily be determined. More- 

flow through the perforations 26 and between the over, the frequency of breathing and flow rate are not 

plates 18 and 19. With the valve facing in an opposite integrated into a single electrical signal system contain- 

direction, inhalation gas similarly is passed through the ing all of the respiratory information, and this signal 

perforations 26 and between the plates 18 and 19. 35 system can be correlated with a timing factor. 

In the upper plate 19 is a central cavity 27 containing The flow rate signal for inhalation or exhalation, or 
a light source system 28. Communication passages 29 both, can be re-separated, so that the flow rate can be 

from the light source 28 extend to cavities respectively computed with any and all of its corresponding partial 

containing photoelectric cells 31. Thus, the cells 31 can pressure signals from the mass spectrometer 15. 

be activated by the light source 28. The upper plate 18 40 In the operation of the system, the inhalation of gas 
has recesses 23 which traverse the communication pas- produces a train of electrical pulses which are a linear 

sages 29 and receive an upwardly extending extension function of the inhalation flow, and the exhalation of 

33 on the diaphragm 24. In the normally closed posi- gas produces a train of electrical pulses which are rep- 

tion of the diaphragm, as illustrated, openings (not resentative of the exhalation flow. The successively oc- 

shown) in the diaphragm permit light to pass from the 43 curring trains of pulses which represent total flow are 
source 28 to a cell 31. When gas flow moves the dia- sent from the NAND circuit 38 to a conventional mass 

phragm 24, the openings in the extensions are trans- flow computer 42. With the input of an absolute pres- 
ported from registry with the light beam, and interrup- sure signal P and an absolute temperature signal T, the 

tion of the light beam deactivates the cell 31 to enable total volumetric flow rate as determined from corn- 

production of an electrical signal u puter 42 can be applied simultaneously to one of the 

Referring now to the system illustrated in FIG. 1, dur- input terminals of four or more computers 43-46. Each 

ing inhalation, valve 11 is open and valve 12 is closed of the computers 43-46 receives from the spectrometer 

While valve 11 is open, the flowmeter 13 will produce 15 the percentage concentration (or partial pressure in 

an electrical signal having a frequency dependent upon 5J percent) of O,, CO,, N, or H,0 as its other input. The 
the inhalation flow rate. At the same time, a normally partial percentages are also summed by a summing net- 

open electrical switch 35 is closed by operation of the work 47 and applied as an input to computers 43-46. 

valve 1 1 to provide a ground potential to set a flip-flop As a result, the respiratory flow rate caused by O t , CO t , 

36. Switch 35 corresponds to the light beam switch pre- etc., can be determined at any time. , 

viously described with respect to FIG. 3. When the flip- To compute the up-take rate of O,, or the release rate 
flop 36 is set, a d.c. gating signal “A” conditions a of CO,, for example, the outputs of the computers 

NAND gate 37. The NAND gate 37 is also connected 43-46 can be re-separated. This is accomplished by 

to the output of the flowmeter 13 so that the signals coupling the inputs of “up” and “down” NAND gates 

from the flowmeter are passed to another NAND gate 48-55 to respective computers for determining the sta- 

38. Thus, during inhalation the period of the switch op- tus of the components The up and down NAND gates, 

eration defines the inhalation cycle, and the flow rate respectively, are also coupled to the flip-flop 36 so that 

is established by the frequency of the flowmeter pulses "A” and “A” steering outputs are applied to the gates 

during the period. Thus, computers coupled to the up and down inputs 
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can be used to provide an indication of the breathing 
function of the separate components in any detail de- 
sired 

Turning now to FIG 2, the respective signals for up 
and down signals are supplied to a circuit 56 which 5 
conveys the respective signal to a reversible BCD 
counter 57 and to a gate circuit 58. The gate circuit re- 
ceives clock pulses which are spaced at 1 -minute inter- 
vals Upon the occurrence of a one-minute clock pulse, 
the counter 57 is set or alerted to be synchronized with 10 
the breathing function. When the transition from “up” 
to “down” next occurs after the 1 -minute alert pulse, 
the signals applied to the gate actuate it to inhibit the 
counter and actuate another gate 59. Gate 59 is cou- 
pled to a high frequency clock 60 which applies a 15 
clocking pulse to the memory that effects a transfer of 
the stopped count in the counter 57 to the memory 61 
and transfer of the count in the memory by a transfer 
circuit 62 to a print system 63. The inhibit and transfer 
function occur in less time than it takes to count a sin- 20 
gle flowmeter output pulse so that no measurement 
function is discontinued prior to the beginning of the 
count of “up” pulses by the counter 57. Thereafter, the 
counter 57 accepts the “up” and “down” pulses until 
the next 1 -minute pulse to the gate 58 alerts the 
counter so that the next “up” transition repeats the op- 
eration. Thus, it will be apparent that the “up” and 
“down” counting is governed by the number of com- 
plete breath cycles occurring relative to a 1 -minute 
timing cycle 

A timing diagram is illustrated in FIG. 4 which is 
more fully illustrative of the technique. In FIG 4, tim- 
ing pulses 65 occur at I -minute intervals The opera- 
tion of switches 35 and 40 of FIG. 1 produce the gating 35 
voltages A and A which operate the up and down gates 
for the counters. The flow rate “in” and “out” is a high 
frequency signal such as typically illustrated at 66 and 
67. As such, the higher frequency signals can be com- 
pressed with the switch signals such as illustrated at 68. 40 
At the instant the respiratory function changes function 
from exhalation to an inhalation, the corresponding 
switch signal triggers a sync signal 69 to inhibit the 
counter. The sync signal 69 has a lesser penod than or- 
dinarily expected for an inhalation period. Thus, during 45 
an inhalation cycle, the counter is inhibited 

A free-running, high-frequency clock signal 70 is 
used to cause generation of another sync signal (identi- 
fied as 71) with the generation of the next succeeding 
clock pulse 70. The sync pulse 71 and the next sue- 50 
ceeding clock pulse 70 produces a memory pulse which 
causes transfer gates to open and the counts from the 
counter to be dumped into the printer memory An- 
other sync pulse 73 is generated so that a clear counter 
pulse 74 can reset the counters. A print sequence pulse 35 
75 is generated simultaneously with the sync pulse 71. 

One of the advantages of the present invention is that 
numerous measurements can be accomplished accu- 
rately on a strict 1 -minute, half-minute, breath-by- 
breath or other period basis. The common measure- 
ment of breath is the so-called T* mode, where T* is 
the period of time required to encompass a series of 
complete breath functions measured from a starting 
point on the breath waveform to a corresponding point 6 j 
after a time of approximately 1 minute. Thus it will be 
readily apparent that the counting function of the fore- 
going described function of the foregoing described 
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system is regulated by the I -minute pulses, and the T* 
is governed precisely by the breath arrivals 
Further modifications and alternative embodiments 
will be apparent to those skilled in the art in view of this 
description, and, accordingly, the foregoing specifica- 
tion is considered to be illustrative only. 

What is claimed is 

1. Apparatus for monitoring the respiratory function 
comprising 

respiratory means for receiving inhalation and exha- 
lation gas flow, said respiratory means having inha- 
lation and exhalation valve means respectively op- 
erative for opening in response to inhalation and 
expiration, said respiratory means including means 
for developing electrical signals representative of 
the respiratory functions, 

first computing means connected to the output of the 
respiratory means and also receiving signals indica- 
tive of absolute pressure and temperatures for pro- 
viding a signal indicative of mass flow rate, 
analyzing means determining the partial pressures of 
selected respiratory gases, 

summing means receiving the partial pressures from 
the analyzing means and providing a signal repre- 
sentative of total pressure, 
second computing means connected to the output of 
first computing means, the signal of partial pres- 
sure of a selected gas and the signal from the sum- 
ming means to provide a signal representing mass 
flow of selected respiratory gas; and 
first counter means connected to the second comput- 
ing means and also receiving signals of inhalation 
and exhalation cycles to produce a signal indicative 
of net difference of selected respiratory gas 

2. The apparatus of claim 1 wherein there is a second 
counter means connected to the first counter means, 

timing means for controlling the second counter 
means by providing timing signals, said timing sig- 
nals defining a finite time reference for the respira- 
tory function; 

means responsive to said timing signals for stopping 
the measurement of the respiratory function and 
nearly simultaneously reinitiating a new measure- 
ment of the next respiratory function; and 
means for transferring the counted data from said 
counter means to a storage means without affecting 
the measurement then underway thereby synchro- 
nizing the unrythmic respiratory phenomenon to a 
finite timing means so that each measurement be- 
gins and ends at the beginning of a respiratory 
function after the occurrence of the timing signal 
from the timing means 

3. The apparatus of claim 2 including a free running, 
high frequency clock to provide discrete time elements 
to the measurement. 

4. The apparatus of claim 2 and further including 
means operative during the inhibition time penod for 
printing the output of said counter means 

5. The apparatus of claim 1 wherein said valve means 
includes a flow passage and a pressure differential op- 
erated diaphragm in said flow passage, and means re- 
sponsive to movement of said diaphragm for generating 
an electrical signal. 

6. A method for monitoring the respiratory process 
wherein the gas flow rate and the frequency of inhala- 
tion and exhalation cycles are determined on a real 
time basis, said method comprising: 
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deriving alternating low frequency signals of the in- 
halation and exhalation cycles, 
measuring as pulse rate signals the flow rate during 
the inhalation and exhalation cycles, 
converting the pulse rate signals and frequency sig- 5 
nals to up and down signals representing inhalation 
and exhalation flow rate, 

supplying the up and down signals to a continuous 
counter; and 

providing to the counter a timing signal defining a fi- 10 
nite time which alerts the counter to be synchro- 
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ntzed with the respiratory function whereby upon 
the next transition of the respiratory cycle the 
counter commences counting and continues to 
count until the next similar transition of the respi- 
ratory cycle after the succeeding timing signal at 
which time the counted data is transferred while 
the count is continued 

7. The method specified in claim 6 wherein a free- 
running, high-frequency clock signal is applied to the 
counted data 
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